We study the distribution and kinematics of the cool circumgalactic medium (CGM) of emission line galaxies (ELGs) traced by metal absorption lines. Using about 200, 000 ELGs from SDSS-IV eBOSS and half a million background quasars from SDSS, we measure the median absorption strength of MgII and FeII lines in quasar spectra for impact parameters ranging from 10 kpc to 1 Mpc. For comparison we measure the same quantity around luminous red galaxies (LRGs). On scales greater than 100 kpc both ELGs and LRGs exhibit similar absorption profiles. However, metal absorption is 5-10 times stronger around ELGs on smaller scales. The absorbing gas distribution is anisotropic, with an excess along the minor-axis of the galaxies, indicating an outflow origin of the absorbing gas. The ratio between the velocity dispersion of the cool CGM and that of its host dark matter halo is about one for ELGs but about half for LRGs. These results show that the dichotomy of galaxy types is reflected in both the density distribution and kinematics of the CGM traced by metal absorption lines. Our results provide strong evidence that the CGM of ELGs is enriched by gas outflows generated by star formation.
INTRODUCTION
Gas around galaxies, the circumgalactic media (CGM), contains information about gas accretion and outflows, important processes that drive the evolution of galaxies , for a review). By probing the properties of the CGM and their connections with galaxies, one can hope to understand the influences of these mechanisms, thereby better understanding the formation and evolution of galaxies in general. To this end, absorption line spectroscopy has been a powerful tool to extract the properties of the CGM through its absorption line signatures in the spectra of background objects.
Since the first discovery of a pair of galaxy and metal absorber produced by the CGM (Bergeron 1986) , many investigations about the relationships between galaxies and their surrounding gas have been carried out over a wide range of redshift and using samples of at most a few hundred galaxy-absorber pairs that are spectroscopically confirmed (e.g., Steidel et al. 1994; Churchill et al. 2005; Chen et al. 2010; Steidel et al. 2010; Tumlinson et al. 2011; Nielsen et al. 2013; Liang & Chen 2014; Schroetter et al. 2016; Borthakur et al. 2016; Burchett et al. 2016; Ho et al. 2017; Heckman et al. 2017; Johnson et al. 2017; Rubin et al. 2018; Lopez et al. 2018 ). On the other hand, large survey datasets offer the opportunity to explore the connection between galaxies and the CGM statistically (e.g., Zibetti et al. 2007; Bordoloi et al. 2011; Ménard et al. 2011; Zhu & Ménard 2013a; Lan et al. 2014; Zhu et al. 2014; Peek et al. 2015; Huang et al. 2016) . However, although interesting results have been obtained from these studies, the properties of the gas around galaxies remain poorly constrained. In particular, a systematic investigation about the gas properties as a function of galaxy properties, which is required in order to understand the origin of the CGM, is still lacking.
In this paper, we intend to characterize the properties of gas around star-forming galaxies at redshift ∼ 1 by making use of the largest emission line galaxy (ELGs) catalog observed by the Extended Baryon Oscillation Spectroscopic Survey (eBOSS, Dawson et al. 2016) in Sloan Digital Sky Survey IV (SDSS IV, Blanton et al. 2017) . To this end, we cross-correlate the flux-decrement in the background quasar spectra with the presence of ELGs, and obtain the radial distribution and kinematics of the cool circumgalactic gas of star-forming galaxies. The structure of the paper is as follows. Our data analysis is described in Section 2, and our results are presented in Section 3. The implications of our results are discussed in Section 4, and we summarize in Section 5. Throughout the paper we adopt a flat ΛCDM cosmology with h = 0.7 and Ω M = 0.3.
DATA ANALYSIS
We study the properties of the CGM traced by metal absorption lines imprinted in the background quasar spectra. Our analysis is based on two spectroscopic galaxy samples provided by SDSS as foreground galaxies: (1) emission line galaxies (ELGs) and (2) luminous red galaxies (LRGs), using all the SDSS quasars as background objects. In the following, we describe in detail the samples and method for our analysis. Figure 1 . Example of median composite spectra of background quasars at rest-frame of ELGs as a function of rp. The spectra and the best-fit MgII/FeII absorption lines are shown with blue and red solid lines, respectively. The blue shaded regions illustrate the bootstrapping uncertainties of the spectra. Note that the scale of y-axis changes as a function of rp. The noise level of the composite spectrum at ∼ 1000 kpc is about 10 −3 of the continuum.
strong emission lines in the redshift range 0.8-1.0 and use them as tracers of the large-scale structure to investigate the baryonic acoustic oscillations. The galaxies are targeted from images obtained by the DECam Legacy Survey (Dey et al. 2018) 4 with photometric selections that maximize the survey efficiency Raichoor et al. 2016) . The spectra of the ELGs are obtained by the BOSS spectrograph (Smee et al. 2013 ) on the APO 2.5-meter SDSS telescope (Gunn et al. 2006 ) and processed by the SDSS spectroscopic pipeline (Bolton et al. 2012) 5 , which automatically estimates the redshifts of galaxies and derives the properties of emission lines (Hutchinson et al. 2016) .
We select ELGs with redshifts greater than 0.4 with 4 http://legacysurvey.org/ 5 Version 5-10-7 reliable redshift estimation ). This yields a total of about 180,000 ELGs in the redshift range between 0.4 and 1.5, with a median value about 0.85. The typical uncertainty of the redshift estimate is about 20 km/s. The ELGs have a typical stellar mass of about 3 × 10 10 M (Raichoor et al. 2017) and are hosted by dark matter halos with a typical mass of about 1.5 × 10 12 M (Favole et al. 2016 ). Based on their [OII] λ3727 luminosities and the conversion model given by Kennicutt (1998) , the ELGs have star formation rates (SFR) ranging from 1 to 20 M /yr, with a median value of about 8 M /yr.
Luminous red galaxies -We use the sample of luminous red galaxies (LRGs) provided by SDSS DR14 data release ) from the BOSS (Dawson et al. 2013 ) and eBOSS (Prakash et al. 2016; surveys. We select LRGs with redshifts greater 13.5 M , respectively (e.g., White et al. 2011; Zhai et al. 2017) . We note that while the MgII absorption around LRGs has been measured by Zhu et al. (2014) with a method similar to the one used here, we repeat the analysis with the latest sample (1) to obtain the FeII absorption which is not provided by Zhu et al. (2014) , and (2) as a consistent check between the new data and previous ones.
Background quasars -For background objects, we use the SDSS DR14 quasar catalog Pâris et al. 2017) , which contains all the quasars observed by the SDSS surveys. We select quasar-galaxy pairs that have projected distances smaller than 1.2 Mpc and have the quasar redshift higher than galaxy redshift by at least 0.1. This selection yields in total about 70,000 ELGquasar pairs and 287,000 LRG-quasar pairs.
Method
We measure the average MgII and FeII absorption strengths (tracers of cool gas with T ∼ 10 4 K) in the quasar spectra as functions of the impact parameter, r p . defined to be the distance between the galaxy and the line of sight to its paired quasar. We follow the procedure in Zhu & Ménard (2013b) to estimate the absorption line strengths. We first model and remove spectral features in the quasar spectra that are intrinsic to quasars, using the quasar eigen-spectra provided by Zhu & Ménard (2013b) , together with a dimensional reduction technique , called non-negative matrix factorization (NMF, Lee & Seung 2001) , as implemented by Zhu (2016) 6 . Intermediate-
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The code can be found at https://github.com/ guangtunbenzhu/NonnegMFPy. scale fluctuations are removed by a median filter with a width of 71 pixels. We also remove the systematic features originated from the SDSS pipeline in the observer frame (Lan et al. 2018) . Finally, we combine the continuum-normalized spectra of background quasars at the rest-frame of the foreground galaxies to obtain the composite spectra, which have higher S/N than the original individual spectra. A median estimator is used to avoid the impacts of outliers. We found that using a robust mean estimator yields consistent results. To make the composite spectra, we use pixels of quasar spectra with S/N greater than 3; including pixels with lower S/N does not enhance the quality of the final composite spectra. With this S/N selection, the composite spectra are made with ∼ 70% of total galaxy-quasar pairs effectively. A similar method has been used in the analyses of gas absorption at both high (Steidel et al. 2010 ) and low (Zhu & Ménard 2013a ) redshifts, as well as using galaxies as background sources (Bordoloi et al. 2011) . Figure 1 shows examples of the median composite spectra as a function of the impact parameter from ELGs. The shaded regions show the uncertainties of the composite spectra from 200 bootstrap samples. Note that the scale of vertical axis changes with the impact parameter. Note also that the signal-to-noise ratio of the composite spectra per spectral element is about 1000 at r p ∼ 1000 kpc.
We measure the rest equivalent widths of the MgIIλλ2796, 2803 and FeIIλλ2600, 2586, 2382 lines by fitting the spectra to Gaussian profiles with their amplitudes as free parameters. Since the widths of MgII and FeII lines reflect the velocity dispersion of the same gas clouds (e.g., Churchill & Vogt 2001; Churchill et al. 2003) , we fit all the line widths with a single velocity dispersion parameter. best-fit Gaussian profiles are shown with red solid lines in Figure 1 . MgII absorption lines have been detected individually in random quasar sightlines, and their rest equivalent width distribution is found to follow roughly an exponential distribution (e.g., Nestor et al. 2005; Zhu & Ménard 2013b) . For a MgII absorber with rest equivalent width greater than 0.4Å, the absorption line is mostly saturated and therefore, the rest equivalent width reflects a combination of the velocity dispersion of the system and its column density. The probability to detect these absorbers around galaxies, namely the covering fraction, depends on the galaxy population as well as on the impact parameter from the galaxies (e.g., Chen et al. 2010; Nielsen et al. 2013; Lan et al. 2014 ). Since our composite spectra are made by combining random background quasar spectra without prior knowledge about individual metal absorbers, the measured average rest equivalent width, W MgII , reflects the summation of the product between the covering fraction and the absorption strength over individual MgII absorbers: measured from our composite spectra appears to be unsaturated (W < 0.4Å), it may be due to the combination of a low covering fraction with strongly saturated absorbers. Consequently, a direct conversion from the measured rest equivalent width to a column density may result in an underestimation of the metal abundance. In the following, we will first present our results in terms of the median rest equivalent width obtained from the composite spectra (Section 3), and then discuss the covering fraction and gas mass inferred from them (Section 4).
RESULTS
3.1. Gas distribution traced by MgII/FeII absorption lines We measure the radial distribution of gas traced by MgII/FeII absorption lines. Figure 2 shows the median rest equivalent widths of the sum of MgIIλ2796 and MgIIλ2803 lines around ELGs and LRGs as functions of the impact parameter. The individual measurements are listed in Table 1 for reference.
It can be seen that the MgII absorption strength around both ELGs and LRGs decreases monotonically with r p . For ELGs, there seems to be a change in slope at r p ∼ 100 kpc: the absorption profile is roughly a power law, W ∝ r −1 p at larger r p , and the profile is steeper, r −1.5 p , at smaller r p . In contrast, the MgII absorption profile around LRGs, shown by the red data points, can be described by a single power-law, W ∝ r measurements extend the profile to r p < 30 kpc. At r p > 100 kpc the gas absorption profile around ELGs is consistent with that around LRGs, but the amplitude is lower by a factor of about 1.5. This difference in amplitude at r p > 100 kpc is consistent with the fact that ELGs and LRGs reside in dark matter halos with average masses of ∼ 10 12 M and ∼ 10 13.5 M , respectively. At r p < 100 kpc, however, the absorption profile around ELGs deviates significantly from the power law extrapolated from larger scales, and the absorption equivalent width is about a factor of 5-10 as large as that around LRGs. Such a trend is also observed in the FeII absorption profiles.
If we scale r p by the corresponding halo virial radius, R v , the small scale difference between ELGs and LRGs will be enhanced. This result indicates that the excess of MgII absorption around ELGs is limited in their host halos, likely due to gas outflows produced by the star formation activities in central galaxies (e.g. Bordoloi et al. 2011; Lan et al. 2014 ). This result demonstrates that the properties of galaxies is reflected in their surrounding cool gas.
Correlation with star-formation rate
To investigate how the absorption strength depends on the properties of galaxies, we focus on scales r p < 50 kpc, where the absorption around ELGs and LRGs differs the most. We separate the ELGs into two subsamples in SFR, one with SF R > 10M /yr and the other SF R < 10M /yr, and measure their absorption properties separately. The two panels of Figure 3 show the strengths of MgII and FeII absorption lines as functions of SFR. It is clear that both the MgII and FeII absorption strengths increase with SFR. Comparing the average absorption strengths around ELGs with that around LRGs and passive galaxies with similar stellar masses as the ELGs (Rubin et al. 2018) , one can see that the trend with SFR extends also to red galaxies with very low star formation rates. This result is consistent with previous results obtained by Bordoloi et al. (2011 ), Lan et al. (2014 , and Rubin et al. (2018) . In addition, our result also demonstrates that the correlation between the SFR of galaxies and the properties of the circumgalactic gas is reflected not only in the MgII absorption, but also in the FeII absorption.
Dependence on azimuthal angle
The dependence of the metal absorption profile on the azimuthal angle, φ, defined to be the angle between the minor axis of the galaxy and the impact parameter vector of the background quasar, provides further insights into the origin of the circumgalactic gas. For example, gas clouds driven by gas outflows from a star-forming galaxy are expected to be preferentially along the minor axis of the galaxy (Veilleux et al. 2005 , for a review), while cooling gas from a hot gaseous halo should have a more isotropic distribution. To investigate such dependence, we use the photometric information from DECaLS DR5 catalog (Dey et al. 2018 ) and select ELGs that are bestfitted by exponential disk profiles as determined by The Tractor 7 (Lang et al. 2016 ) (See also Section 8 in Dey et al. 2018 ). The image shape parameters are then used to estimate the azimuthal angles for individual galaxyquasar pairs. Figure 4 shows the MgII and FeII absorption strength as a function of r p in two azimuthal angle bins, one with φ ∈ [0 • , 45 • ) and the other with φ ∈ [45
• ] (see the cartoon plotted in the left panel for the relevant geometry). The SFR distributions of ELGs in the two bins are consistent with each other. As one can see, the MgII and FeII absorption strengths at r p < 50 kpc are about 2 times larger along the minor axis of ELGs (purple) than along the major axis (green). At larger r p , the absorption strengths for the two azimuthal angle bins are comparable. For reference, the blue bands show the measurements by averaging over all directions. As expected, the averages go through the measurements of the two azimuthal bins. We also perform similar measurements around LRGs and find no dependence on the azimuthal angle, consistent with the finding of Huang et al. (2016) .
This orientation dependence of the MgII/FeII absorption around ELGs demonstrates that a significant fraction of the cool gas traced by the absorbers is likely contributed by outflows originated from the galaxies (disks). This result is consistent with those obtained earlier using smaller data sets from the HST, COSMOS, Keck, VLT and SDSS (e.g., Bordoloi et al. 2011; Bouché et al. 2012; Kacprzak et al. 2012; Lan et al. 2014 ). Other mechanisms, such as gas inflows and/or gas associated with satellite galaxies, are not expected to produce the azimuthal dependence observed, as we will discuss in §4.5.
Our results show that the cool gas around ELGs is anisotropic. Based on the fact that the absorption strength along the minor axis is about two times stronger than that along the major axis, we infer that about 2/3 of the absorption is along the minor axis. Under the assumption that the metal absorption observed with
• ) is all due to outflows, this suggests that outflow gas contributes about 2/3 of the gas around ELGs within 50 kpc. This value should be considered as a lower limit, given that the opening angles of outflows may be larger than 45
• . Moreover, the intrinsic azimuthal angle dependence is expected to be stronger than our measurements indicate, because galaxy shapes estimated from the ground-based observation may be severely affected by seeing. In the near future, with the imaging data from the Euclid survey (Amiaux et al. 2012 ), one will be able to measure the azimuthal dependence of the gas absorption in more detail.
Gas Kinematics
In the composite spectra, the metal absorption lines in concern are contributed by multiple clouds with a range of velocities relative to the host galaxies (e.g. Churchill & Vogt 2001; Churchill et al. 2003) . The line widths, therefore, reflect the line-of-sight velocity dispersion of the gas, σ gas , around the galaxies. In Figure 5 , we show the best-fit velocity dispersion (obtained by a joint fit of 5 metal lines) of MgII/FeII gas clouds around ELGs as a function of the impact parameter, with effects produced by the SDSS spectral resolution and by the uncertainty in galaxy redshift subtracted. The measured velocity dispersion of gas around ELGs is about 100 km/s from r p = 20 to 100 kpc, and the results at larger r p become uncertain. The blue shaded region shows the 1σ range of the best-fit gas velocity dispersion obtained by assuming a constant velocity dispersion. For comparison, the velocity dispersion of the gas around LRGs is shown in red. We note that our measured gas velocity dispersion around LRGs is consistent with those of Zhu et al. (2014) and Huang et al. (2016) . The gas velocity dispersion around LRGs is about 70 km/s larger than that around ELGs.
Since ELGs reside in smaller dark matter halos than LRGs, it is informative to compare the gas velocity dispersion with that expected from the halo gravitational potential wells. Figure 6 shows the velocity dispersion of gas around galaxies as a function of halo mass. In addition to the measurements for ELGs and LRGs, shown by the blue and red data points, respectively, we also show the velocity dispersion of MgII gas around blue and red galaxies derived from about 30 galaxy-absorber pairs by Nielsen et al. (2015) and Nielsen et al. (2016) with uncertainty estimated from bootstrapping. These authors estimate the halo masses of their galaxies to be around 10 12 M based on an abundance matching method. We find that, with a fixed halo mass, the gas velocity dispersion of our ELGs is two times higher than that of their red galaxies, indicating that the gas kinematics is correlated with star formation activities in galaxies. Together with these measurements, Figure 6 shows an interesting trend in the sense that the velocity dispersion of gas around star-forming galaxies is consistent with the velocity dispersion of dark matter in their halos (e.g., Elahi et al. 2018) ,
as shown by the blue dashed line. On the other hand, the gas velocity dispersion around passive galaxies is only about half of the σ m , as shown by the red dotted line. Thus, we have gas velocity bias σ gas σ m ∼ 1 for star-forming galaxies; 0.5 for passive galaxies. This result shows that the σ gas of gas around starforming and passive galaxies behave differently with respect to the σ m of dark matter halos, indicating that multiple mechanisms are driving the motion of the circumgalactic gas. Let us first consider the possible mechanisms producing gas around passive galaxies. One possibility is that the gas clouds are produced by mass loss from stars in satellite galaxies and/or halo stars. In this case, the initial velocities of the clouds are expected to follow the virial velocity of the halo, in conflict with the observational result. However, in the presence of a diffuse hot halo, the cloud velocities are expected to be reduced by the interaction with hot ambient gas. Indeed, clouds with higher initial velocities are expected to be destroyed by hydrodynamic instabilities, such as Kelvin-Helmholtz and/or Rayleigh-Taylor instabilities, in shorter timescales, as the instability timescale is typically inversely proportional to the cloud velocity, ∝ V −1
cloud (e.g. §8.5 in Mo et al. 2010 ). In addition, gas clouds are also expected to decelerate due to the ram pressure of hot gas. Thus, even if the clouds were produced with a velocity dispersion similar to that of the dark matter halo, these two mechanisms may work to reduce the gas velocity dispersion observed around passive galaxies. Alternatively, the gas clouds around passive galaxies may be produced by cooling gas from the hot halo. If the hot gaseous halo is static, the initial velocities of the clouds are expected to be small. The gravitational field of the dark matter halo will accelerate the gas clouds, but the clouds may get destroyed before they reach high velocities, leading to the low cloud velocity dispersion observed.
For star-forming galaxies, a large fraction of the clouds LRGs Red galaxies (Nielsen et al. 2015) σ m 0.5 × σ m Figure 6 . Line-of-sight gas velocity dispersion, σgas, as a function of halo mass and galaxy types. The σgas of ELGs and LRGs are shown by the blue and red data points. We also show similar measurements around blue and red galaxies derived from about 30 individual galaxy-absorber pairs from Nielsen et al. (2015) . We find that the gas velocity dispersion around star-forming galaxies is consistent with the velocity dispersion of dark matter particles σm (Equation 2) shown by the blue dashed line, while the gas velocity dispersion around passive galaxies is aligned with 50% of the velocity dispersion of dark matter particles shown by the red dotted line.
may be produced by outflows, as such outflows have been observed ubiquitously (e.g., Heckman et al. 2000; Weiner et al. 2009; Steidel et al. 2010; Martin et al. 2012; Rubin et al. 2014; Zhu et al. 2015; Heckman et al. 2015; Chisholm et al. 2016) . Depending on the initial velocities of the outflows, these clouds may propagate to large distances from the halo center, inheriting large velocities. To demonstrate this possibility, we perform a simple simulation by ejecting particles at a radius of 1 kpc from the center of a dark matter halo that is assumed to have a NFW density profile (Navarro et al. 1996) with total mass of 10 12 M and a concentration of 10. The ejection is assumed to have spherical symmetry and a constant rate over a period of 2 Gyr. We follow the motion of each ejected particle in the gravitational potential well of the halo, and calculate the velocity dispersion of ejected particles as a function of the impact parameter. The dashed faint blue lines in Figure 5 show the results obtained by assuming that the initial velocities following a normal distribution with a width 200 km/s, and with a mean velocity of 500 km/s, 300 km/s and 200 km/s, respectively. As one can see, outflow clouds may contribute significantly to the line of sight velocity dispersion, if the initial velocities sufficiently large. Note that the velocity dispersion obtained from our simple model should be considered as upper limits, as other mechanisms, such as ram pressure and hydrodynamic instabilities, are expected to reduce the velocity dispersion to be observed. In a forthcoming paper (Lan et al. in preparation) , we will develop a more realistic model to test the ideas presented here. 
IMPLICATIONS

The MgII covering fraction
The average MgII absorption around galaxies obtained above can be converted to the corresponding MgII covering fraction, f c , as shown in Equation (1). To do this, we assume that the average MgII absorption around galaxies is dominated by strong MgII absorbers (W λ2796 > 0.4Å) and that the W λ2796 distribution around galaxies is similar to the one observed towards random quasar sightlines. For simplicity, we approximate the average MgII absorption strength as
where W λ2796 (r p ) is our average profile, andŴ MgII λ2796 is the average of W λ2796 obtained from individual absorbers towards random quasar sightlines. We use the incidence rate, d
2 N/dW dz, of individual MgII absorbers from Zhu & Ménard (2013b) , and estimateŴ MgII λ2796 using systems with W λ2796 > 0.4Å. The correspondinĝ W MgII λ2796 is ∼ 1Å. The estimated covering fraction from Equation (4) is shown in Figure 7 with the blue and red data points for ELGs and LRGs, respectively. Note that the initial covering fraction around ELGs at < 40 kpc exceeds 1, the maximum value for covering fraction, due to that MgII absorbers close to star-forming galaxies tend to have higher average rest equivalent widths than the global population (Lan et al. 2014 ). For such measurements, the covering fraction is set to be 1. The estimated covering fractions are compared with that derived from individual absorbers around blue and red galaxies (color shaded bands) (Lan et al. 2014 ). These two types of measurements yield consistent results, indicating that the assumption and the approximation adopted in Equation (4) are reasonable. This demonstrates that the average absorption around ELGs and LRGs is dominated by strong MgII absorbers with W λ2796 > 0.4Å, with only a negligible contribution from weaker components (see also Prochaska et al. 2014 ). These measurements for LRGs forŴ MgII λ2796 ∼ 1Å at redshift 0.8. We perform the integration as a function of impact parameters and the enclosed neutral hydrogen mass obtained in this way is shown in Figure 8 . As one can see, there is more neutral hydrogen around ELGs than around LRGs within r p ∼ 100 kpc, but the enclosed mass around the two populations becomes comparable at larger scales. The enclosed masses within the virial radii of ELGs (200 kpc) and LRGs (600 kpc) are ∼ 4 × 10 9 M and ∼ 9 × 10 9 M , respectively. Compared with the halo masses of ELGs and LRGs, these neutral hydrogen masses imply that the HI mass fractions are f ∼ 10 −2.5 for star-forming galaxies; 10 −3.5 for passive galaxies.
Thus, the neutral hydrogen mass fraction within the halo around ELGs is about 10 times higher than that around LRGs. As shown in Lan & Fukugita (2017) , the MgII absorption systems used in our analysis are predominantly neutral with n HI /n H ∼ 0.9. Thus, the HI masses given above are approximately the same as the total hydrogen masses traced by MgII absorption lines. We can compare the mass of the circumgalactic hydrogen obtained here with that at z ∼ 0.1 obtained from the HST/COS-Halos survey (e.g. Stocke et al. 2013; Tumlinson et al. 2013; Werk et al. 2014; Prochaska et al. 2017) . The COS-Halos results show that the neutral hydrogen is ubiquitously around galaxies, with a covering fraction nearly 100% from 10 kpc to 150 kpc (e.g., Tumlinson et al. 2013; Bordoloi et al. 2017) . Accounting for the ionization effect, the estimated total cool CGM mass can be as high as 10 11 M ), more than 10 times higher than the mass traced by MgII absorption lines. However, the hydrogen gas detected in the COS-Halos survey is highly ionized, with an ionization correction factor greater than 100. To obtain the mass of neutral hydrogen gas detected in the COS-Halos survey, we take the data from Prochaska et al. (2017) and estimate the median N HI for all types of galaxies as a function of impact parameters. We then calculate the neutral hydrogen mass using Equation (5) and assuming a covering fraction of 100% from 20 kpc to 150 kpc. We find that the total mass of neutral hydrogen detected by COS/Halos is only about 10 7.5 M , a factor of about 100 lower than the amount around ELGs shown in Figure 8 . This result indicates that the bulk of neutral hydrogen around galaxies is traced by strong MgII absorbers. The difference of the circumgalactic neutral hydrogen between ELGs and local galaxies may be caused by two factors. First, the number of COS-Halos sightlines is not big enough to properly sample the cool dense clouds with relatively high HI column density and low covering fraction. Second, the amount of neutral hydrogen around galaxies decreases significantly from z ∼ 1 to 0.1. At the moment, it is unclear which of the two is the right reason.
Our mass estimates also allow us to quantify the cosmic mass density of neutral hydrogen contributed from the CGM of ELGs (r p < 200 kpc). To do this, we assume that all the star-forming galaxies with M * > 10 10 M have similar gas profiles as ELGs and use the number density of star-forming galaxies, n(SFR > 2 M /yr) ∼ 10 −2.6 Mpc −3 at z ∼ 0.8 from Moustakas et al. (2013) . The cosmic mass density of neutral hydrogen around ELGs at z ∼ 0.8 estimated in this way is
Using the incidence rate of individual MgII absorbers and the empirical relation between N HI and W λ2796 , Ménard & Fukugita (2012) and Lan & Fukugita (2017) estimated the total mass density of neutral hydrogen traced by MgII absorbers to be Ω MgII HI ≈ 1.5 × 10 −4 around redshift 1. This suggests that more than 60% of the individual MgII absorbers observed towards random quasar sight-lines are actually associated with the CGM of massive star-forming galaxies. This result is also consistent with the fact that on average, MgII absorbers have approximately solar metallicity at z ∼ 1 (Lan & Fukugita 2017) .
Outflow rate
As shown in Figure 8 , the amount of neutral hydrogen mass within 100 kpc around ELGs exceeds from that around LRGs by about 2 × 10 9 M . Assuming that this mass difference is due to mass ejected from star-forming galaxies, we can estimate an outflow rate. We assume that the outflow material has a typical velocity of 200 km/s and typically travels a distance of ∼ 100 kpc. The corresponding time scale is then about 500 Myr. If the excess mass around ELGs is assumed to be ejected about 500 Myr ago, we can estimate the outflow rate to bė
This estimated value should be considered as a lower limit, as about 80% of the excess mass is within 60 kpc, where the outflow velocity is lower than the typical outflow velocity. In addition, only cool gas clouds traced by MgII absorption are included, and a fraction of outflow materials may have already fallen back to the galaxies or been destroyed. Assuming that the SFR of the galaxies does not evolve significantly over 500 Myr, we can obtain a constraint on the minimum outflow loading factor:
a value similar to the one obtained from the blue-shifted absorption lines towards galaxies (e.g. Rubin et al. 2014 ).
4.4.
Comparison with previous studies The absorption profile for ELGs at redshift 0.8 can be compared with that around Lyman break galaxies (LBGs) at redshift 2.2. To do this, we use the CIIλ1334 absorption strength obtained from Steidel et al. (2010) and convert it to the corresponding MgII absorption using W MgII,all ∼ 3× W CIIλ1334 as given in Lan & Fukugita (2017) . We find that at r p ∼ 50 kpc, the absorption around LBGs (∼ 2Å) appears to be stronger than that around ELGs (∼ 1Å), indicating a possible evolution of gas around star-forming galaxies. Unfortunately, the LBG data is still too uncertain to provide quantitative constraints on the evolution. We also compare our measurements with similar measurements from Rubin et al. (2018) and Bordoloi et al. (2011) , both using spectra of galaxies as background sources. These measurements appear to be lower than ours but have large uncertainties. The difference could be due to that (1) their foreground star-forming galaxies have, on average, lower stellar masses and (2) they use extended objects as background sources, which may probe a larger region per line of sight as compared with quasars (see, Bordoloi et al. 2011 , for a discussion).
Origins of the MgII/FeII absorption gas
Our results show that the properties of the cool gas around ELGs and LRGs are different. The gas profile between 10 kpc to 1 Mpc around LRGs is consistent with the NFW profile for dark matter distribution, as shown in Zhu et al. (2014) , which can be described roughly by a power law. In contrast, the gas profile around ELGs is much steeper at impact parameters below 100 kpc, although it is comparable to that of LRGs at larger impact parameters. The properties of the absorbing gas is also found to be correlated with the star-formation activity and the azimuthal angle, with the absorption strength being stronger around ELGs with higher SFR and for sight-lines closer to the minor axes of the galaxies. In addition, the gas around star-forming galaxies appear to be stirred up in their halos than that around passive galaxies after normalizing the effect of halo mass. These results clearly have important implications for the origins of the absorption gas. In what follows, we discuss two possible mechanisms.
Gas associated with outflows -We argue that most of the cool gas around star-forming galaxies traced by MgII/FeII absorption lines within the halos is associated with outflows. Star-forming galaxies are known to eject gas via outflows. Evidence for such flows can be seen directly from the blue-shifted absorption lines in the galaxy spectra, i.e. through the so-called down-thebarrel observations (e.g., Weiner et al. 2009; Steidel et al. 2010; Martin et al. 2012; Rubin et al. 2014; Zhu et al. 2015; Chisholm et al. 2016) . However, the lack of spatial information in such observations makes it difficult to infer how far the gas associated with outflows can propagate into the halos. The azimuthal angle dependence of gas absorption found here is consistent with the scenario that the CGM is enriched by outflows. The azimuthal angle dependence is difficult to be explained by gas inflows and/or gas associated with satellite galaxies, because the gas distribution produced by such mechanisms is not expected to be aligned with the minor axes of galaxies. Indeed, although the accretion of material from the cosmic web into dark matter halos is anisotropic (e.g., Shi et al. 2015) , the alignment between the principal axes of late type galaxies and the cosmic web is found to be weak (e.g., Zhang et al. 2013) , so is the alignment of late type galaxies with the distribution of satellite galaxies (e.g., Yang et al. 2006) . We conclude, therefore, that the CGM around star-forming galaxies are produced and enriched by outflows driven by star formation in the galaxies. The outflow gas traced by MgII around massive starforming galaxies seems to have a characteristic scale of about 50-100 kpc (see also Bordoloi et al. 2011 ). This indicates that the bulk of the outflow materials in the cool phase cannot travel much farther than ∼ 100 kpc from the central galaxies. This characteristic scale is an important observational constraint on any models of galactic outflows.
Gas associated with halos -We argue that, in addition to galactic outflows, a fraction of the MgII/FeII absorbing gas originates from mechanisms associated with halos of galaxies. This is motivated by the fact that a non-negligible amount of cool gas is found around LRGs, a population with no significant star formation activity over the past 1-2 Gyr or even longer (e.g., Barber et al. 2007; Gauthier & Chen 2011) . Furthermore, the cool gas around LRGs has a relatively low velocity dispersion, and a distribution consistent with the NFW matter distribution without significant azimuthal dependence, all consistent with a halo origin. In the following, we discuss two possible mechanisms that may produce absorbing clouds in halos of galaxies. These mechanisms may also operate around star-forming galaxies, given that all galaxies are surrounded by extended halos.
One possibility is that the absorbing clouds originate from satellite galaxies. These galaxies are known to roughly trace the dark matter distribution (e.g., Lin et al. 2004) , which may explain the observed gas density profile around LRGs. Before being accreted into their host halos, star-forming satellite galaxies have cool gas halos enriched by outflows, as discussed above. After merging into its host halo, a satellite may lose a fraction of the cool CGM due to ram pressure and/or tidal stripping, but it may still retain part of the CGM. Before being destroyed by hydro-dynamical instabilities and/or heat evaporation, both the remaining and stripped circumgalactic gas can contribute to the cool gas seen around LRGs. In addition, gas clouds may also be produced by the mass loss from evolved stars in the satellites. Under the assumption that satellite galaxies can retain all of their cool CGM without being destroyed or removed by any mechanisms, it seems possible to explain the observed MgII gas profiles observed around galaxy groups and LRGs by the gas associated with satellites (e.g., Bordoloi et al. 2011; Huang et al. 2016) . However, if most of the absorbing gas were still bound to satellite galaxies, the gas kinematics would follow that of the satellites, and therefore that of dark matter (e.g., More et al. 2011) , inconsistent with the observed gas kinematics. On the other hand, lower cloud velocity dispersion is expected for the clouds unbound to satellites, as ram pressure can decelerate them and hydrodynamic instabilities tend to destroy faster moving clouds in shorter time scales (see §3.4). The cooling gas condensed from hot diffuse halos through thermal instability is another possible source for the MgII gas around LRGs. This scenario was first proposed by Mo & Miralda-Escude (1996) , with an extension developed by Maller & Bullock (2004) , and it assumes that a significant amount of hot gas within the cooling radius will condense into cool gas clouds. Given that the cooling time strongly depends on gas metallicity, it is expected that the high metallicity regions in the hot halos will cool first and produce gas clouds with high metal content. In addition, the condensed cool gas clouds are expected to have velocities modulated by the gravity of the systems and by the ram pressure of the hot halos, probably leading to low velocity dispersion. These two properties, high metallicity and low velocity dispersion, are consistent with the observed properties of the MgII gas, as shown in this paper and in Lan & Fukugita (2017) . However, it is still unclear if this mechanism can produce the observed gas distribution.
It is possible that all the mechanisms discussed above can contribute to the cool gas around LRGs. The question that remains unsolved is their relative importance. By studying the contribution of each mechanism in detail through analytic and numerical models, it is possible to disentangle the origins of the cool gas around LRGs without the complications introduced by outflows. Thus, the gas properties around passive galaxies may provide a cleaner test bed for CGM models based on the halo origin than that around star-forming galaxies.
SUMMARY
The circumgalactic medium is expected to contain important information about gas accretion into galaxies, as well as gas flow processes that drive the evolution of galaxies. To reveal the imprints of these processes, we measure the distribution and kinematics of cool gas around star-forming and passive galaxies, using MgII/FeII absorption properties extracted from the flux decrements in the spectra of background quasars around ∼ 200, 000 ELGs and ∼ 700, 000 LRGs. Our findings can be summarized as follows:
1. ELGs appear to be surrounded by more cool gas than LRGs within 100 kpc despite being much less massive. The MgII and FeII absorption around
ELGs is about 5-10 times stronger than around LRGs, and is stronger around ELGs with higher SFR. At larger scales, in contrast, the absorption around ELGs and LRGs has a similar strength and decreases with impact parameters following a power law, r −1 p .
2. The gas distribution around ELGs is anisotropic; for impact parameters below ∼ 100 kpc, the metal absorption along the minor axes of ELGs is, on average, about two times stronger than that along the major axis. This indicates that a significant fraction of the absorbing gas, ∼ 2/3, is probably generated by outflows from the galaxies.
3. The line-of-sight gas velocity dispersion σ gas around ELGs and LRGs within 200 kpc is measured to be about 100 km/s and 170 km/s from the absorption line widths, respectively. Comparing these with the expected velocity dispersion of dark matter particles, σ m , in the host halos, we find that the gas moves differently around ELGs and LRGs, with the gas velocity bias σ gas σ m ∼ 1 for star-forming galaxies; 0.5 for passive galaxies.
4. We infer the covering fraction of individual MgII absorbers and estimate the amount of neutral hydrogen around ELGs and LRGs based on an empirical relation between MgII strength and neutral hydrogen column density N HI . Within 100 kpc, the neutral hydrogen mass around ELGs is about 2 × 10 9 M , about a factor of 3 more than that around LRGs. Assuming this difference is contributed by outflow materials, we constrain the minimum outflow loading factor to be about 0.5.
Our results demonstrate that the properties of cool gas around ELGs and LRGs within 100 kpc are significantly different in terms of their metal absorption profiles, gas abundance, and kinematics. This correlation between the gas properties and the SFR of galaxies is consistent with the picture that the CGM is enriched by metal-rich gas ejected via galactic outflows associated with recent star formation activities. Thus, the observed properties of the cool gas around star-forming galaxies can provide essential constraints on the feedback processes in galaxy formation. In a forthcoming paper (Lan et al. in preparation) , we will use these results, together with a semianalytic model for gaseous galactic halos, to constrain how the gas flow from galaxies can affect the circumgalactic media.
Our results also demonstrate the potential to measure the gas properties around galaxies with unprecedented precision by combining large samples and powerful statistical technique. Indeed, the large sample provided by SDSS already makes it possible to measure both the gas absorption towards ELGs ('down-the-barrel' observation, Zhu et al. 2015 ) and the gas absorption around ELGs robustly. With the advents of even larger and deeper spectroscopic samples of galaxies, such as DESI (Schlegel et al. 2011; Levi et al. 2013) , PFS (Takada et al. 2014) , Euclid (Amiaux et al. 2012 ), SDSS-V (Kollmeier et al. 2017 ), 4MOST (de Jong et al. 2016) and MOONs (Cirasuolo & MOONS Consortium 2016), we will be able to use more absorption species (MgII, FeII, CIV, etc) to probe the cosmic evolution of the circumgalatic gasgalaxy interaction, eventually obtaining a complete picture of baryon cycle in galaxy formation and evolution. In addition, it is also possible to use the galaxy-metal line cross-correlation to study the large-scale structure and even to detect the BAO signal (e.g., Blomqvist et al. 2018 ).
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